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FOREWORD 


(U)  This  is  the  second  quarterly  report  covering  the  period  from  1  October 
1966  to  31  December  1966,  and  is  submitted  in  compliance  with  Contract 
No.  AF  04(61 1 )- 1 1632  and  in  accordance  with  exhibit  B  of  the  Contract 
Data  Requirements  List,  DD  form  1423.  The  contract  was  initiated  on 
1  June  1966  under  United  Technology  Center  (UTC)  Project  2220,  "Hybrid 
Propulsion  System  for  Advanced  Rocket-Powered  Target  Missile."  The 
work  is  being  administer ed  by  the  Air  Force  Rocket  Propulsion  Laboratory, 
Edwards  Air  Force  Base,  with  Mr.  F.  Mead  as  the  project  officer. 

(U)  This  report  summarizes  the  progress  made  by  UTC  in  the  demonstra¬ 
tion  of  the  feasibility  of  using  hybrid  propulsion  systems  for  advanced  rocket- 
powered  target  missiles. 

(U)  Publication  of  this  report  does  not  constitute  Air  Force  approval  of 
the  report's  findings  or  conclusions.  It  is  published  only  for  the  exchange 
and  stimulation  of  ideas. 


F.  Mead 
Project  Officer 
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ABSTRACT 


The  development  of  a  hybrid  propulsion  system  for  an  advanced  rocket- 
powered  target  missile  has  advanced  through  the  seventh  program  month. 
During  the  past  .3  months,  the  heavyweight  motor  test  series  was  completed 
successfully,  and  designs  have  been  finalized  for  the  flightweight  thrust 
chamber  assembly  components.  The  results  of  the  final  nozzle  evaluation 
tests  have  shown  that  the  nozzle  configuration  selected  has  a  nozzle  mate¬ 
rial  erosion  rate  of  0.45  mils/sec.  Motor  ignition  has  been  demonstrated 
at  -65°  F  at  sea-level  conditions  and  at  a  simulated  altitude  of  50,000  ft. 

The  required  thrust  ratings  have  been  demonstrated  at  boost  and  sustain 
thrust  levels  for  the  durations  specified,  and  step  thrust  operation  has 
been  verified  over  an  8  to  1  range.  The  flightweight  feed  system  component 
buildup  has  been  initiated  and  cold-flow  checkout  tests  will  be  conducted 
during  the  next  reporting  period.  The  current  status  of  the  program  indi¬ 
cates  that  the  hybrid  propulsion  units  to  be  used  in  the  flight  demonstration 
prc  ram  will  be  delivered  in  accordance  with  the  original  schedule. 
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SECTION  I 
INTRODUCTION 


(U)  Under  Contract  AF  04(6 1 1 )- 1 1 632,  initiated  in  June  1966,  UTC  is 
conducting  a  four-phase  program  to  develop  a  low-cost  hybrid  propulsion 
unit  and  to  provide  hybrid  propulsion  systems  to  be  used  in  a  flight  demon¬ 
stration  program  to  prove  the  feasibility  of  an  advanced  hybrid  powered 
target  missile.  Contained  herein  is  a  description  of  the  work  conducted 
during  the  3-month  period  between  1  October  1966  and  31  December  1966. 

(U)  During  the  report  period,  work  has  progressed  in  the  areas  of  inter¬ 
face  definition,  design,  analysis,  fabrication,  and  development  testing. 
Interface  definition  efforts  have  been  confined  to  an  interchange  of  informa¬ 
tion  with  Beech  Aircraft  Corporation,  which  has  at  this  time  eliminated  all 
foreseeable  interface  problems.  The  design  and  analysis  effort  has  pro¬ 
ceeded  through  the  completion  of  all  heavyweight  hardware  designs  and  all 
major  flightweight  components.  Analysis  of  the  test  data  has  been  completed 
for  all  tests  conducted  to  date.  Appendix  I  of  this  report  contains  reduced 
test  data  for  those  firings  conducted  over  the  last  3  months.  Fabrication 
of  the  heavyweight  test  hardware  has  been  completed  with  the  expection  of 
final  incremental  hardware  deliveries  to  EAFB  which  are  being  used  in  the 
parallel  development  conducted  by  AFRPL.  Flightweight  hardware  fabrica¬ 
tion  has  been  initiated  and  certain  small  components  have  been  received. 

(U)  The  heavyweight  TCA  development  testing  has  been  successfully  com¬ 
pleted.  Component  designs  to  be  used  in  the  flightweight  propulsion  system 
have  been  developed  to  the  required  durability  levels  by  a  series  of  design 
modifications  and  evaluation  tests.  Test  data  obtained  from  motor  firings 
conducted  with  the  latest  hardware  modifications  have  indicated  that  the 
performance  requirements  will  be  achieved  or  exceeded. 

(U)  At  this  time,  the  program  schedule  continues  to  reflect  the  assurance 
that  the  propulsion  systems  deliveries  will  be  accomplished  on  the  required 
dates.  Minor  delays  that  have  occurred  or  that  are  projected  to  occur  have 
been  primarily  the  result  of  a  variety  of  procurement  problems;  however, 
the  rescheduling  of  the  affected  tasks  has  circumvented  possible  iinal 
delivery  delays. 
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SECTION  II 
PROGRAM  STATUS 


1.  SCHEDULE 

(U)  This  program  is  being  conducted  in  four  phases:  design,  development, 
flight  system  deliveries,  and  technical  support.  The  program  schedule, 
figure  1,  shows  the  areas  of  activity  associated  with  this  reporting  period. 

(U)  The  schedule  shows  an  extension  of  the  interface  definition  activity 
through  February  1967.  The  bulk  of  the  interface  definition  task  was  com¬ 
pleted  during  October  1966  as  shown;  however,  it  has  been  found  that  minor 
detail  changes  continue  to  develop  as  UTC  and  Beech  continue  into  the  hard¬ 
ware  fabrication  areas.  The  schedule  extension,  therefore,  reflects  the  low 
level  of  effort  that  is  required  to  add  these  minor  changes  to  the  interface 
control  drawing. 

(Ul  The  scheduled  activity  for  design  and  analysis  remains  unchanged  as 
this  effort  continues. 

(U)  A  number  of  activities  have  been  rescheduled  in  phase  II,  primarily 
because  of  flightweight  feed  system  hardware  procurement  delays.  The  pro¬ 
jected  feed  system  test  delays  allowed  a  stretchout  of  the  heavyweight  TCA 
tests,  which  can  be  shown  to  be  of  benefit  to  the  overall  program.  The  TCA 
test  stretchout  provided  time  for  at  least  one  more  design  improvement 
change  and  motor  tiring  evaluation.  In  addition,  more  test  results  became 
available  from  the  parallel  development  program  being  conducted  by  AFRPL 
and  which  were  integrated  into  the  overall  design  plans. 

(U)  Phase  III.  Flight  System  Deliveries  remains  as  originally  scheduled. 
The  delays  in  the  phase  II  activity  completion  dates  will  not  affect  the  initial 
fabrication  activities  go-ahead. 

(U)  Applicable  program  mileposts  of  figure  L  hove  been  changed  to  reflect 
the  rescheduling  of  program  activities. 
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Figure  Z.  (U)  Hybrid  Propulsion  System  Milepost  Schedule 
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2.  WORK  ACCOMPLISHED 

a.  Mileposts 

(U)  During  this  reporting  period,  milepost  No.  4,  Complete 
Heavyweight  TCA  Test,  was  completed.  The  information  gained 
during  this  test  series  will  assure  that  the  flightweight  hardware 
to  be  tested  during  the  system  proof  tests  will  satisfy  the  per¬ 
formance  requirements. 

b.  Interface  Definition 

(U)  Plumbing  and  fitting  details  of  the  flightweight  feed  system 
were  modified  to  comply  with  a  Beech  Aircraft  Corporation 
revision  request.  In  addition,  a  minor  change  to  the  flightweight 
thrust  chamber  design  in  the  vicinity  of  the  chamber  aft  closure 
was  made  to  eliminate  a  possible  interference  problem.  All 
major  revisions  were  made  to  the  UTC/Beech  interface  control 
drawing  and  it  is  considered  baseline  at  this  time.  Minor  detail 
changes  are  expected  throughout  the  flightweight  hardware 
buildup  period;  however,  these  revisions  will  not  affect  the  UTC 
or  Beech  Aircraft  Corporation  delivery  schedule. 

c.  Design  and  Analysis 

(U)  The  design  and  analysis  of  the  heavyweight  hardware  was 
completed  and  several  major  nozzle  design  revisions  were  com¬ 
pleted  as  a  result  of  the  hardware  eveluation  tests.  The  heavy¬ 
weight  hardware  design  activity  is  considered  complete. 

(U )  During  this  reporting  period,  the  majority  of  the  flight - 
weight  hardware  components  were  designed  and  analyses  ini¬ 
tiated.  The  flightweight  thrust  chamber  was  designed  and  a 
stress  analysis  was  completed  and  is  presented  as  appendix  II. 
The  design  was  found  to  be  structurally  adequate  and  the  weight 
estimates  predict  the  hardware  will  fall  within  the  original 
weight  allowance. 

(U)  The  design  of  the  prototype  feed  system  which  involves  all 
plumbing  and  fitting  details  was  completed.  Designs  have  been 
completed  or  off-the-shelf  hardware  selected  for  other  major 
feed  system  components  such  as  control  valves,  regulators, 
relief  valves,  fill  valves,  burst  diaphragms,  and  the  dial-a- 
thrust  flow  control  valve.  The  final  hardware  drawings  of  the 
flightweight  igniter  assembly  have  been  completed  and  a  com¬ 
plete  procurement  package  has  been  prepared. 
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(U)  Based  on  the  results  o£  the  heavyweight  TCA  motor  firings, 
minor  modifications  to  the  flightweight  TCA  components  were 
made.  An  assembly  drawing  of  the  TCA  was  prepared  and 
detailed  stress  and  thermal  analyses  have  been  initiated. 

(U)  Test  plans  are  being  prepared  for  the  structural  and  vibra¬ 
tion  proof  tests  and  the  design  of  the  test  fixtures  has  been 
initiated. 

(U)  Detailed  drawings  of  the  flightweight  hardware  shipping 
containers  have  been  completed  and  formal  Interstate  Commerce 
Commission  safety  classification  approval  is  expected. 

d.  Heavyweight  Hardware  Fabrication  and  Assembly 

During  this  reporting  period,  the  following  quantities  of  heavy¬ 
weight  TCA  components  were  fabricated  and  assembled  for 
motor  firings; 

12  -  Nozzle  Assemblies 
10  -  Fuel  Grain  Assemblies 
16  -  Igniter  Assemblies 
3  -  Injector  Assemblies 

(U)  In  addition,  five  nozzle  assemblies  and  five  fuel  grain 
assemblies  were  fabricated  and  assembled  to  make  up  the 
second  incremental  delivery  of  these  components  to  EAFB. 

(  J)  In  conjunction  with  the  fabrication  of  the  heavyweight 
TCA  components,  various  tooling  hardware  and  assembly  fix- 
i  .res  were  procured  or  modified  to  facilitate  design  changes. 

e.  Flightweight  Hardware  Fabrication  and  Assembly 

(U)  The  fuel  grains  to  be  used  for  the  proof  test  firings  were 
fabricated  and  are  undergoing  final  inspection. 

(U)  The  flightweight  tankage  is  being  fabricated  and  initial 
deliveries  are  expected  during  the  first  week  of  the  next  report¬ 
ing  period.  The  remaining  feed  system  components  were 
received  with  the  exception  of  miscellaneous  fittings  which  are 
expected  momentarily. 
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(U)  The  flightweight  thrust  chamber  procurement  has  been 
initiated  and  the  vendor  has  initated  procurement  of  long  lead- 
time  materials  and  tooling.  Fabrication  of  chamber  components 
was  started  the  last  week  of  this  reporting  period  and  final  assem¬ 
bly  is  scheduled  for  the  first  week  in  February  1967. 

(U)  The  first  flightweight  flow  control  valve  was  fabricated 
and  assembled  for  initial  heavyweight  TCA  duty  cycle  tests. 

(U)  Procurement  of  the  prototype  igniter  initiator  has  been 
started  and  a  fabrication  go-ahead  will  be  given  during  the  first 
month  of  the  next  reporting  period. 

f.  Heavyweight  TCA  Tests 

(U)  During  this  reporting  period  13  motor  firings  were  con¬ 
ducted,  4  igniter  assemblies  were  fired  during  open-air  tests, 
and  a  number  of  facility  cold  flow  calibrations  were  run.  A  sum¬ 
mary  of  these  development  tests,  Nos.  21  through  39,  is  shown 
in  table  T.  Detailed  test  results  of  motors  fired  during  this  report¬ 
ing  period  are  presented  by  test  number  in  appendix  I. 

g.  Deliveries  and  Documentation  Transmittals 

(U)  One  nozzle  assembly,  taken  from  the  second  incremental 
delivery  buildup  of  these  components,  was  delivered  to  AFRPL. 

(U)  A  set  of  heavyweight  component  drawings  were  transmitted 
informally  to  AFRPL.  7n  addition,  a  revised  copy  of  the  UTC 
coordination  drawing  has  been  transmitted  to  Beech  Aircraft 
Corporation  to  provide  revision  details  for  the  Beech/UTC 
interface  control  drawings. 

h.  Technical  Liaison  and  Support 

(U)  During  the  second  week  of  November  1966,  UTC  personnel 
went  to  EAFB  to  provide  heavyweight  hardware  assembly  instruc¬ 
tions.  During  the  last  week  of  November,  UTC  personnel  in  the 
company  of  Eglin  AFB  and  Beech  Aircraft  Corporation  personnel, 
witnessed  the  first  altitude  firing  of  a  heavyweight  TCA  at  EAFB. 
A  program  review  involving  informal  status  ptesentation  by  those 
in  attendance  was  also  held  at  this  time. 
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SECTION  III 

TEST  RESULTS  DISCUSSION 

1.  NOZZLE  MATERIAL  EVALUATION 

(U)  The  nozzle  material  evaluation  was  completed  and  a  pyrolytic  graph¬ 
ite  throat  insert  has  been  selected  for  the  flightweight  design.  A  summary 
of  the  test  results  which  led  to  this  conclusion  is  presented  in  table  II. 

(U)  As  discussed  in  a  previous  report,  it  was  decided  to  evaluate  an 
oxidizer -resistant  nozzle  coating  which  would  protect  the  graphite  substrate 
in  much  the  same  manner  as  the  magnesium  oxide  buildup  had  protected  the 
nozzle  in  previous  tests.  Both  silicon  carbide  and  zirconia  oxide  were 
selected  for  evaluation.  A  0.010-in.  uniform  coating  of  silicon  carbide 
was  applied  over  the  nozzle  entrance,  throat,  and  exit  cone  of  a  graphite 
substrate  which  was  selected  on  the  basis  of  similar  thermal  expansion 
characteristics.  Test  No.  H3S-22  was  then  conducted  at  boost  condition 
for  95  sec  and,  as  shown  in  table  II,  throat  erosion  averaged  4.  5  mils /sec. 
The  silicon  carbide  coating  appeared  to  have  little  effect  in  reducing  erosion 
in  the  throat  region  even  though  the  coating  remained  intact  on  the  nozzle 
entrance  and  exit  cone  surfaces.  The  zirconia  oxide  coating  was  evaluated 
by  applying  a  0.  10 -in.  uniform  coating  on  a  Speer  Carbon  graphite  nozzle 
made  of  the  same  material  previously  tested  uncoated  (H3S- 19).  TestH3S-25 
was  then  conducted  at  boost  conditions  for  95  sec  and,  as  shown  in  table  II, 
throat  erosion  averaged  3.9  mils^sec.  Again  the  coating  did  not  reducethe 
throat  erosion.  The  value  of  3.9  compares  with  the  4.0  value  during 
test  H3S-19  for  the  uncoated  material.  Further  effort  with  the  coating 
approach  could  not  be  justified  because  of  the  nozzle  cost  increases  asso¬ 
ciated  with  thicker  coatings  and  proprietary  coating  techniques.  Successful 
coating  techniques  require  extensive  structural  support  of  the  substrate 
material  to  minimize  thermal  stress.and  such  requirements  could  be  expected 
to  increase  cost  and  weight.  Of  the  original  candidates,  only  pyrolytic 
graphite  remained  to  be  evaluated,  which  could  now  be  justified  based  on  the 
lack  of  success  with  inexpensive  coatings. 

(U)  Test  No.  H3S-31  was  then  conducted  with  a  pyrolytic  graphite  (PG) 
throat  insert  at  boost  conditions  for  95  sec.  As  shown  in  table  II,  throat 
erosion  averaged  0.96  mils/ sec,  which  was  regarded  as  a  new  low.  The 
success  of  this  test  posed  the  question  of  whether  or  not  PG  would  attract 
slag  similar  to  the  Speer  graphite  candidate  when  used  in  conjunction  with 

1  1 
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(U)  NOZZLE  MATERIAL  EVALUATION  TEST  SUMMARY 
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H3S-33  180  5 1 5  93  0.3  Pyrolytic  graphite  insert 

with  ATJ  graphite  backup 
(ramped  entrance  section) 
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a  mixer.  Previous  in-house  tests  conducted  with  PG  throat  inserts  at 
boost  conditions  for  durations  up  to  50  sec  indicated  no  slag  buildup  with 
a  mixer.  The  mixer  design  was  therefore  modified  as  shown  in  figure  3 
to  incorporate  a  larger  plenum  and  gradual  contours  to  minimize  the  flow 
tripping  action  previously  seen  to  encourage  slag  buildup.  Test  No.  H3S-32 
was  then  conducted  to  boost  conditions  for  95  sec  and,  as  shown  in  table  II, 
throat  erosion  averaged  4.8  mils/sec.  The  slag  buildup  did  not  occur;  how¬ 
ever,  the  mixer  increased  the  nozzle  erosion  rate  by  a  factor  of  five.  The 
decision  was  then  made  to  eliminate  the  mixer  on  all  future  tests  based  on 
a  tradeoff  between  an  expected  mixer  contribution  of  2%  improved  combus¬ 
tion  efficiency  and  an  average  thrust  coefficient  improvement  of  10%  for  a 
nozzle  without  a  mixer.  The  thrust  coefficient  improvement  was  contrib¬ 
uted  to  by  the  higher  average  chamber  pressure  and  nozzle  expansion  ratio, 
both  of  which  are  obtained  with  minimum  throat  erosion.  It  was  also  appar¬ 
ent  at  this  juncture  that  further  reduction  in  nozzle  erosion  may  be  obtained 
by  using  a  very  gradual  nozzle  approach  angle  with  a  full  radius  entrance. 
Figure  4  shows  the  modified  entrance  geometry  which  produced  nozzle 
erosion  as  low  as  0.  3  mils/sec  as  shown  in  table  II  for  Test  No.  H3S-33. 

The  average  erosion  rate  for  all  the  tests  conducted  to  date  using  this 
nozzle  design  has  been  0.45  mils/sec. 

(U)  The  selection  of  the  present  nozzle  configuration  for  the  flightweight 
design  has  also  been  based  on  the  results  of  the  thermal  analysis.  Continu¬ 
ous  boost-sustain  firings  such  as  H3S-38,  which  exceeded  a  duration  of 
6  .  5  min.  have  provided  thermocouple  data  as  shown  in  figure  5.  The  results 
show  a  maximum  skin  temperature  of  410’  F  at  the  end  of  the  firing  and  a 
final  thermal  soak  temperature  of  600°  F  after  14  minutes.  The  analytical 
results  obtained  with  the  thermal  model  as  shown  in  figure  6  predict  maxi¬ 
mum  skin  temperatures  of  450°  F  at  the  end  of  the  firing,  which  is  slightly 
conservative.  A  projection  of  the  thermal  model  based  on  these  correlations 
has  been  used  to  predict  the  skin  temperature  of  the  flightweight  nozzle  hard¬ 
ware.  These  results,  shown  in  figure  7,  indicate  that  a  maximum  tempera¬ 
ture  of  1,000*  F  can  be  expected  at  the  end  of  the  firing.  The  stresses 
developed  in  the  18-nickel  maraging  steel  by  the  sustain  pressure  loads  are 
only  10%  of  the  ultimate  strength  for  this  material  at  1,000*  F,  indicating 
the  high  margin  of  safety  available  with  this  nozzle  configuration. 

2.  PERFORMANCE 

(U)  Performance  evaluation  of  the  hybrid  motor  has  been  accomplished 
by  the  "Hybrid  Motor  Performance  Analyzer"  computer  program  presented 
in  appendix  III.  This  program  is  basically  a  data  reduction  program  which 
utilizes  the  test  results  as  input.  The  program  calculates  instantaneous 
throat  area,  specific  impulse,  O/F  ratio,  fuel  flow  rate,  c1*,  c*  efficiency, 
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fuel  grain  port  radius,  expansion  ratio,  total  oxidizer  weight  consumed, 
regression  rate,  and  oxidizer  flow  rate  per  unit  port  area.  In  addition, 
options  exist  which  allow  the  reduced  test  data  to  be  cor rected  for  altitude 
operating  conditions. 

(U)  A  comparison  of  recent  motor  firings  at  boost  conditions  has  been 
made,  as  shown  in  figure  8.  This  figure  shows  the  95-sec  boost  require¬ 
ment  for  the  90,000-ft  altitude  cruise  mission  compared  with  test  No.  H3S-38 
This  corrected  sea-level  data  meets  or  exceeds  the  boost  thrust  require¬ 
ments  and  represents  a  typical  boost  thrust-time  curve  that  can  be  expected 
during  the  flightweight  hardware  tests. 

(U)  Sustain  thrust  performance  at  altitude  conditions,  as  shownin  figure  9, 
was  obtained  by  correcting  the  thrust  data  obtained  during  sustain  firings 
conducted  with  a  1.0  expansion  ratio  nozzle  and  from  the  duty  cycle  tests, 
by  calculating  the  thrust  from  chamber  pressure  measurements.  It  should 
be  noted  that  the  sustain  thrust  data  shown  for  the  duty  cycle  tests  in  appen¬ 
dix  I  have  been  measured  while  the  nozzle  is  flowing  in  a  separated  condition. 
Figure  9  shows  the  relationship  between  sustain  thrust  and  the  oxidizer  flow 
rate  over  the  range  of  primary  interest.  The  flow  control  valve  setting  may 
be  obtained  from  the  curve  for  the  80,000-ft  cruise  requirement,  and  further 
data  corrections  will  provide  settings  for  the  other  cruise  altitude  require¬ 
ments.  A  nozzle  expansion  ratio  of  21  has  been  referenced  on  figure  9  to 
account  for  the  nozzle  expansion  ratio  reduction  resulting  from  throat  ero¬ 
sion  during  boost.  At  the  beginning  of  a  duty  cycle,  the  nozzle  expansion 
ratio  is  25  and,  depending  on  the  duration  of  boost,  the  ratio  can  be  expected 
to  reduce  slightly;  however,  this  change  is  reproducible  and  does  not  affect 
the  accuracy  of  the  predetermined  sustain  thrust  settings.  Figure  10  shows 
the  variation  of  nozzle  expansion  ratio  as  a  function  of  boost  thrust  duration 
as  obtained  from  recent  firings  using  the  final  nozzle  configuration. 

(U)  The  heavyweight  motor  firing  test  data  have  demonstrated  that  the 
required  boost  thrust  levels  and  sustain  thrust  durations  will  be  achieved 
and  that  flightweight.  hardware  designs  based  on  the  final  heav yweight  motor 
configuration  will  satisfy  ail  performance  requirements. 

3.  IGNITER  PERFORMANCE 

(U)  The  pyrogen  igniter  development  has  been  completed  and  the  test 
results  proved  that  the  design  is  capable  of  igniting  the  motor  over  a  tem¬ 
perature  range  of  -65°  to  +165“  F. 

(U)  The  pyrogen  igniter  selected  has  been  tested  over  the  required  tem¬ 
perature  range  and  produces  igniter  chamber  pressures  as  shown  in  fig¬ 
ure  11.  The  pressure-time  curves  show  that  the  initiator  provides  ignition 
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Figure  3.  (U)  Modified  Heavyweight 
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Figure  4.  (U)  Modified  Entrance 

of  Modified  Heavyweight 
Nozzle  Configuration 
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Figure  5.  (U)  Thermocouple  Response  of  Test  No.  H3S-38 
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Figure  6.  (U)  Hybrid  Target  Missile 

Thermal  Analysis ,  0.37-in.  Steel  Shell 
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Figure  7.  (U)  Hybrid  Target  Missile 

Thermal  Analysis,  0.040-in.  Steel  Shell 
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Figure  8.  (U)  Comparison  of  the  90,000-ft  Altitude  Cruise  Boost  Thrust 

Requirements  and  Data  from  Test  No.  H3S-38 
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Figure  9.  (U)  Sea-Level  Sustain  Performance  Corrected  to  80,000-ft  Altitude 
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Figure  10.  (U)  Nozzle  Expansion  Ratio  Variation  as  a  Function 

of  Boost  Time  Caused  by  Nozzle  Throat  Erosion 
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Figure  11.  (U)  Igniter  Open-Air  Performance 

at  Various  Conditioning  Tempi,  ratures 
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at  -65°  F  without  excessive  overpressurization  at  +165°  F.  A  minimum 
2-sec  action  time  is  provided  over  the  temperature  range  which  provides 
the  required  sequencer  flexibility  during  motor  ignition. 

(U)  The  performance  of  the  pyrogen  igniter  in  conjunction  with  the  motor 
has  been  tested  at  ambient  conditions,  (all  motors  fired  to  date  have  used 
this  igniter  design),  at -65°  F,  and  at  -65°  F  with  50,000-ft  simulated  alti¬ 
tude  conditions.  Motor  ignition  at  +165°  F  has  not  been  considered  a  devel¬ 
opment  problem  and  therefore  will  be  evaluated  during  the  flightweight 
proof  test  phase  Motor  ignition  at  -65°  F  was  demonstrated  during 
test  No.  H3S-24  as  shown  in  figure  12.  The  start  sequence  provided  an 
igniter  leadtime  of  approximately  1.0  sec  followed  by  the  oxidizer  valve 
start  signal.  The  facility  oxidizer  valve  delay  and  liquid  transport  time 
results  in  a  flow  rate  buildup  duration  of  100  msec,  with  full  motor  chamber 
pressure  developed  within  300  msec  following  the  oxidizer  start  signal.  A 
portion  of  the  facility-supplied  oxidizer  was  conditioned  to  -65°  F  during 
this  test  to  assure  that  the  oxidizer  used  during  the  start  transient  would 
represent  the  operation  of  a  complete  flight  feed  system  soaked  at  -65°  F. 
Following  the  successful  ignition  ac  -65°  F,  an  ignition  test  was  then  con¬ 
ducted  at  -65°  F  in  conjunction  with  a  simulated  altitude  environment  of 
50,000  ft.  The  50,000-ft  launch  altitude  was  simulated  by  an  altitude  start 
tank  which  was  able  to  maintain  a  near  vacuum  pressure  during  the  ignition 
transient.  The  results  of  this  test  are  shown  in  figure  13 .  The  start  sequence 
provided  an  igniter  leadtime  of  approximately  0.  25  sec  prior  to  the  oxidizer 
valve  start  signal.  The  facility  oxidizer  valve  delay  and  liquid  transport 
time  required  a  flow  rate  buildup  duration  of  300  msec.  Following  the 
arrival  of  the  oxidizer,  motor  ignition  required  a  delay  of  600  msec  before 
achieving  full  chamber  pressure.  The  effect  of  a  50,000-ft  environment 
can  be  seen  to  delay  ignition;  however,  the  igniter  performance  is  well 
within  the  acceptable  delay  limits  while  being  subjected  to  this  combii  *tion 
of  -65°  F  environment  and  50,000-ft  simulated  altitude. 

4.  FUEL  GRAIN  INSULATION  EVALUATION 

(U)  During  the  heavyweight  duty  cycle  tests  it  was  necessary  to  prema¬ 
turely  terminate  some  of  the  tests  because  of  excessive  heat  on  the  for¬ 
ward  portion  of  the  motor.  Slight  variations  in  the  test  conditions  made 
it  difficult  to  analyze  the  problem  initially;  however,  based  on  postfire 
examinations,  ic  appeared  that  excessive  circulation  had  suddenly  developed 
at  the  head  end,  which  attacked  the  fuel  and  the  forward  closure  insulation. 
Hot  spots  appeared  on  the  forward  closure  and  on  the  motor  case  during 
the  tests  much  earlier  than  intentional  insulation  burn  throughs  had  occurred 
on  previous  tests  and  earlier  than  had  been  predicted  for  these  tests.  This 
seemed  to  indicate  the  possibility  that  some  seemingly  minor  design  change 
had  developed  this  problem.  A  careful  review  of  injector  design  changes 
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Figure  12.  (U)  Pci>  Pc»  Pio  vs  Time,  Test  No.  H3S-24,  -65 
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could  not  explain  this  c  mdition  until  a  small  pie  'e  of  deposit  built  up  by 
the  combustion  gases,  bearing  an  impression  of  the  injector  face,  was  dis¬ 
covered  in  the  chamber  after  the  test.  It  could  then  be  seen  that  some  of 
the  injector  designs  which  incorporated  a  larger  exposed  surface  to  the 
combustion  gases  might  build  up  deposits  which  would  cling  momentarily 
before  being  dislodged  by  the  circulation.  Before  being  dislodged,  the 
deposit  would  deflect  the  oxidizer  to  the  side,  causing  excessive  fuel 
utilization  and  premature  insulation  burn  through.  The  injector  designs 
having  the  larger  exposed  surface  areas  were  of  the  same  internal  design 
as  the  earlier  injectors,  the  only  difference  being  a  method  of  fabrication 
change  which  resulted  in  a  lower  projected  production  unit  cost.  The  low- 
cost  design  has  now  been  modified  to  achieve  a  minimum  amount  of  exposed 
surface  area  by  removing  more  material  during  the  machining  operation. 

(U)  The  resolution  of  this  problem  did  not  result  in  a  fuel  grain  insulation 
change;  however,  an  additional  precaution  has  been  taken  on  the  design  of 
the  forward  closure  insulation.  The  flightweight  hardware  forward  closure 
insulation  has  been  thickened  by  33%  to  assure  adequate  protection  for  the 
exposed  injector  face  under  the  worst  conditions  of  insulation  ablation.  The 
thickened  insulation  provdes  a  recess  for  the  injector  early  in  the  firing, 
thereby  diverting  the  circulating  chamber  gases  away  from  the  injector 
face.  The  failures  normally  occurred  during  the  boost  phase  or  shortly 
after  the  beginning  of  sustain  as  a  result  of  previous  insulation  attack  during 
boost.  In  those  tests  where  the  deposits  did  not  deflect  the  oxidizer,  it 
could  be  seen  that  the  deposits  from  the  sustain  combustion  gases  were 
negligible.  This  reduction  during  sustain  was  attributed  to  a  reduced  level 
of  combustion  gas  circulation  and  a  reduced  flow  rate  of  cooling  oxidizer, 
resulting  in  a  higher  injector  face  skin  temperature.  The  injector  fix  is 
consistent  with  this  reasoning  because  a  reduction  in  the  mass  of  material 
near  the  injector  face  will  increase  the  surface  temperature  of  the  exposed 
area. 
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Figure  13.  (U)  Pci,  Pc,  PiQ  vs  Time, 

Test  No.  H3S-39,  10-in.  Hybrid, 
-65*  F,  50,  000-ft  Altitude 
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SECTION  IV 
FUTURE  WORK 


(U)  During  the  next  reporting  period,  the  flightweight  feed  system  cold 
flow  tests  will  be  completed  and  final  design  drawings  will  be  released.  The 
feed  system  blowdown  efficiencies  will  be  determined  and  pressure  drop 
measurements  will  allow  final  injector  flow  trimming. 

(U)  Following  the  feed  system  cold  flow  tests,  the  system  tests  will  begin 
with  an  initial  shakedown  test  utilizing  the  flightweight  feed  system  in  con¬ 
junction  with  a  heavyweight  TCA.  The  flight  system  proof  tests  will  then 
follow  in  parallel  with  the  structures  test  and  vibration  test. 

(U)  Prior  to  the  actual  proof  tests,  the  flightweight  igniter  assembly  will 
undergo  final  qualification  tests  utilizing  hardware  taken  from  delivery  item 
production  batches. 
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Analysis  of  Multiple  Shell/Riog  Structures" 


PAMS  NOT  FIIMFD  ART  BLANK 


1 . 0  INTRODUCTION 

Thi*  report  presents  the  structural  analysis  of  the  10"  Hybrid  Drone,  f light¬ 
weight*  Thrust  Choeotr  Cmc.  This  report  ircludes  an  analysis  of  the  injector 
ho**  region,  the  forward  'y'  ring  with  and  without  the  aluminum  adapter  ring 
in  place,  the  aft  closure  joint,  and  the  hydro-test  closure  the  exit  plane. 

This  structural  analysis  report  is  made  to  comply  with  Section  3.4.2  of 

reference  1. 

This  analysis  is  made  for  the  hydro-teat  load  condition  :  internal  pressure 
and  no  loads  applied  through  the  skirts.  The  analysis  for  Internal  pressure 
and  flight  loads  applied  concurrently,  will  be  presented  in  Structural  Analysis 
Report  GKM-3,  "10  inch  Hybrid  Drone,  Thrust  Chamber  Assembly,  Structural 
Analysis" . 


2.0  CONCLUSIONS 


All  components  are  shown  to  have  positive  margins  of  safety  at  ultimate 
pressure,  with  or  without  the  aluminum  adapter  ring  in  place.  Further,  since 
the  hydrotest  closure  plate  at  the  exit  plane  applied  a  load  virtually  identical 
to  that  of  the  nozzle  insert,  this  analysis  demonstrates  the  adequacy  of  the 
motor  case  design  for  motor  operatic*. 

The  basic  case  wall  is  sized  by  the  minimum  manufactured  thickness  of 
material,  and  hence J  the  basic  wall  margin  of  safety  is  high.  The  margins  of 
safety  for  the  motor  case  components  are  listed  below: 


Injector  Boss  region: 

+0.98 

Forward  Closure  Y-Ring  region: 

(with  aluminum  adapter  ring) 

+0.44 

orward  Closure  Y-' ~ng  region: 

(without  aluminum  ad+^ter  ring) 

+0.45 

Aft  Closure  region: 

+0.55 

Aft  Closure  belts: 

+0.78 

Exit  Plane  Ring  reg-.on: 

+4.45 

Aluminum  Adapter  Rinj : 

+3.16 

A  more  detailed  list  of  margins  of  safety  is  given  in  Section  5. 


3.0  LOADS 


Leeds  are  taken  from  Appendix  A,  "Preliminary  Model  Specification  for  a 
Hybrid  Rocket  Karine  Propulsion  Pyst&o",  Contract  AF  04(6U)«li632.  ValuMe  of 
loads  obtained  from  this  appendix  are  summarised  at  the  start  of  -he  detailed 
calculations  for  tha  components  to  which  they  apply. 
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5.0  DETAILED  CALCULATIONS 


For  analysis  purposes,  the  motor  case  is  divided  into  four  regions,  as  shown 
in  Figure  1.  Tha)|  are; 

1)  Injeeter  boss  region 

il)  Forward  Closure  Y  Ring  region 

Hi)  Aft  Closure  region 

iv)  Exit  Plane  Ring 

As  on  approximate  analysis  for  the  eccentric  injector  boss  the  region  is 
analyzed  first  as  an  axl-symmetric  shell  without  a  boss,  and  secondly  as  an 
aati«  symmetric  shell  with  the  boss  cross-section  included. 

The  forward  Y  ring  is  analysed  both  with  and  without  the  aluminum  adapter 
ring  in  place. 

The  exit  plane  ring  is  analysed  with  '  <i  a  bearing  load  on  the  ring  which 
approximates  both  the  hydrotest  closure  load  and  also  the  throat  insert  blow¬ 
out  load. 

The  method  of  analysis  used  for  shells  is  a  computer  program  which  is  out¬ 
lined  in  Appendix  A. 

The  components  analyzed  are  detailed  on  UTC  Drawings  No.  C02236,  C02406, 
COCU77  and  C02219. 
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COMPUTER  PROGRAM  LI-ll-ZZZ  ^ 

"STRUCTURAL  ANALYSIS  OF  MULTIPLE  SHELL/RING  STRUCTURES" 

Computer  program  LI-ll-ZZZ  performs  a  complete  structural  analysis  of 
multiple  shcll/ring  structures.  The  input  to  the  computer  program  consists  of 
the  multiple  shell/ring  structure  geometry  description,  the  shell  pressures  and 
ring  loads,  and  the  shell/ring  boundary  or  edge  conditions.  The  computer  code 
determines  the  deformation  equations  for  each  shell  and  ring  body,  enforces 
compatibility  of  deformations  and  forces  at  each  juncture,  and  solves  the  re¬ 
sulting  matrix  for  the  redundant  deformations  and  forces  at  each  juncture  of  the 
structure.  The  stress  and  deflection  distributions  are  then  determined  for  each 
shall  body  and  output  in  tabular  and  graphical  form.  Additionally,  bolt  loads 
are  determined  for  each  bolted  flange  of  the  structure. 

The  program  will  accept  multiple  cases  of  shell  pressures,  ring  forces, 
and  boundary  conditions  for  a  given  configuration. 

The  following  existing  UTC  computer  programs  were  incorporated  as 
procedures  in  LI-ll-ZZZ. 

1.  LI-13-ZZZ,  Thin  Shell  Unit  Analysis 

2.  LI-14-ZZZ,  Thin  Shell  Stress  Distribution 

3.  CROSIM  procedure  to  solve  NXN  linear  simultaneous  equation*. 

Additionally,  the  following  procedures  were  written  aid  programmed  for 

LI-ll-ZZZ: 

1.  Ring  Unit  Analysis 

2.  Bolt  Loads 

The  attached  pages  present  the  program  input,  the  input  for  a  sample 
case,  and  the  ahell/ring  geometry,  deformation, ®nd  force  descriptions. 


COMPUTER  PROGRAM  LI11ZZZ  Ij 

"STRUCTURAL  ANALYSIS  OF  MULTIPLE  SHELL/RING  STRUfcTORES" 


—  INPUT  — 

FORMAT:  FREE  FIELD  IN  COLUMNS  1  TO  80  EXCEPT  TITLE  CARDS  AND  CONTROL  CARDS. 

1.  TITLE  CARDS:  1  <  n  <  20  with  9  in  Column  73  of  last  card.  Title  in 

Columns  1  to  72, 

2.  MATRIX  SIZE  CARD:  M, 

WHERE: 

M  «  10  NS  +  4  NR  +  5  NRJ 
*  Matrix  Size  ,<  108 
NS  *  Number  of  Shells 
NK  =  Number  of  Rings 

NRJ  =  Total  number  of  ring  junctures  (all  rings  combined) 

3.  NUMBER  CASES/SHELLS  CARD :  NC,  NS, 


WHERE: 


NC  =  number  of  cases,  1  <  NC  <  10  (a  case  is  defined  as  a 

given  set  of  shell  pressures,  ring  forces,  and  shell/ring 
boundary  conditions  for  a  fixed  configuration) 

NS  =  Number  of  Shells 

4.  SHELL  PRESSURE  CARDS: 

p  p  p  ____  p 

r  2*  y  •  ns* 

NS  shell  pressures  for  each  case,  starting  each  case  on  a  new 
card.  Use  as  many  cards  for  each  case  as  necessary. 

5.  NUMBER  RINGS/RINC  FORCES  CARDS: 

Card  l:  NR, 

Cards  2  to  n:  FX,  FY,  MCG, . , 

NK  sets  of  ring  forces  (FX,  FY,  MCG)  for  each  case.  Repeat 

cards  2  to  n  for  each  case  starting  each  cace  on  a  new  card. 
Use  as  many  cards  for  each  case  as  necessary. 

6.  SHELL  UNIT  ANALYSIS 

Card  1:  title  card,  Columns  1-78 

Card  2:  "YES"  in  Columns  1-3  if  influence  coefficients  are 
input,  else  "NO"  in  Columns  1  and  2. 


If  "YES"  next  five  cards  with  influence  coefficients  in 
following  order: 
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DEL-L: 

BETA-L: 

DEL-R: 

BETA-R: 

N-L: 


M-L 


Q-L 


M-R 


Q-R  N-R 


See  LI11ZZZ  output  for  typical  set 


If  “NO"  input  the  following  shell  parameters: 

Card  3:  Shell  length,  Poisson's  ratio  ,  Young's  Modulus, 
Card  4:  No.  of  segments,  Taylor  Series, 

Cards  5  to  n:  Specify  the  following  FGEN'S 

Radius  1  vs,  S 
Radius  2  vs.  S 
Thickness  vs.  S 
Angle  PHI  vs.  S 

The  FGEN'S  are  read  in  as  follows: 

Card  1:  Header  card,  i.e.,  Radius  1  vs.  S 

Cards  2  to  n:  No.  of  pairs,  SI,  Value  1,  S2»  Value  2,  etc. 


This  completes  the  shell  unit  analysis  input,  repeat  for  each 
shell  body  for  NS  sets  of  input.  The  input  for  each  shell  body 
must  be  ordered  the  same  as  the  shell  body  numbers. 

7.  RING  UNIT  ANALYSIS 

Card  1:  Title  Card,  Columns  1-78. 

Cards  2  to  n:  The  following  cards  list  the  ring  geometry. 

Use  as  many  cards  as  needed.  Input  all  values  even  if  zero. 

Tin-  parameters  are:  RLI,  PHILI,  XLI,  RLO,  PHILO,  XLO,  RRI, 
PIIIRI ,  XRI ,  KKO,  PHIRO,  XRO,  RCG,  A,  IYY,  E 
This  completes  the  ring  unit  analysis  input,  repeat  for  each 
ring  body  for  NR  sctB  of  Input.  The  ring  bodies  must  be 
ordered  the  same  as  the  ring  body  numbers  and  stacked  behind 
the  shell  unit  analysis  input. 

8.  JUNCTURE  CARDS 

The  juncture  cards  specify  the  multiple  shell/rlng  Junctures, 
The  Juncture  cards  are  as  follows. 

Card  l:  Total  number  of  junctures,  NJ , 

Card  2:  NJ  sets  of  i,  j,  juncture  coordinates. 
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WHERE:  i,  j,  -  Body  numbers  (either  shell  or  ring)  of 
bodies  forming  the  juncture. 

Card  3:  Location  or  juncture  for  each  body  of  Card  1  using 
the  following  code: 

Shells:  0-left 
1-right 

Rings:  0-left  inside 

1-left  outside 
2=right  inside 
3-right  outside 

EXAMPLE  OF  JUNCTURE  CARDS 


Card  1:  4, 

Card  2:  1,  2,  2.  5,  5,  3,  5,  A, 
Card  3:  1,0,  1,  i,  2,0,  3,  C, 


9.  BOUNDARY  CONDITION  CARDS 

Each  free  edge  must  have  a  set  of  two  boundary  conditions 
specified.  NE  sets  of  boundary  conditions  must  be  specified 
for  each  shell/ring  structure.  Where  NE  -  number  of  free 
edges.  The  following  sets  of  boundary  conditions  are 
permissible, 

1.  Delta  and  Beta 

2.  M  -nd  Q 

3.  Delta  and  M 

4.  Beta  and  Q 

Additionally  each  shell/ring  structure  must  hsve  (NE-1) 
Meridional  forces  (N^  or  N^)  specified  (this  assumes  the 
structure  has  a  single  load  path).  The  meridional  forces 
may  be  specified  at  the  edges  or  junctures. 

The  total  number  of  boundary  conditions  to  be  specified  for 
each  case  la  then  3NE-1.  The  boundary  condition  cards  arc  as 
follows. 
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10. 


M-L 

Q-L 

N-L 


0 

0 

'i 

10- 


Card  1:  Number  of  boundary  conditions  (B.C.)  specified. 

Card  2:  Body  number  (either  shell  or  ring)  for  each  B.C. 
in  Increasing  order. 

Card  3:  Location  on  body  for  each  B.C.  using  following  code. 

Shells:  0  -  left 

1  ■  right 

Rings:  0  *  left  inside 

1  ■  left  outside 

2  ■  right  inside 

3  ■  right  outside 

Card  4:  B.C.  Number  for  each  B.C.  using  following  code: 

1  »  DELTA 

2  -  BETA 

3  «  M 

4  -  Q 

5  -  N 

Card  3:  Value  for  each  B.C.,  use  as  many  cards  as  required. 
Repeat  Cards  1  through  5  for  each  case. 

EXAMPLE  of  Boundary  Condition  Cards: 


N-L  -  10' 


L 


J  C 


}  DEL-R 
BET-R 


0 

0 


J  rxzi 


M-R  -  0 
Q-R  -  0 


Card  1 
Card  2 
Card  3 
Card  4 
Card  3 


8, 


1,  1,  1.  3,  3,  4,  4,  4, 

0,  0,  0,  1,  1,  0,  l.  1, 

3.  4,  5,  3,  4,  5,  1,  2, 

0,  0,  0*3,  0,  0,  @3,  0,  0, 

SHELL  STRESS  DISTRIBUTION 

Card  1:  "YES"  in  Columns  1  to  3  if  stress  distributions  are 
to  ho  determined  tor  any  of  the  shell  bodies,  else  "NO"  in 
Columns  1  and  2. 

If  "YES"  input  the  fol lowing 
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Card  2:  NSS,  S2,  -  -  -  -  ,  Sn, 

WHERE:  NSS  -  total  number  of  shells  for  stress  distribution. 

S^,  S2  --  ,  Sn,  *  Shell  number  of  each  shell  for  stress 

distribution.  1 K NSS ^  NS 

Cards  3  to  n:  INTUT  FOR  FIRST  SHELL  BODY: 

Card  3:  Title  Card,  Columns  1  to  78. 

Card  4:  Shell  length,  Poisson's  ratio,  Youngls  Modulus, 

Print  out  interval  NPR, 

NOTE:  NPR  ^  1 

Card  5:  Number  of  segments,  Taylor  series,  plot  length. 

NOTE:  If  plots  are  not  desired  let  plot  length  *  0. 

Cards  6  to  n:  Specify  the  following  FGEN'S. 

Radius  1  vs.  S 
Radius  2  vs.  S 
Thickness  vs.  S 
Angle  PHI  vs.  S 

The  FGEN'S  are  read  in  as  follows: 

Card  1:  Header  card,  i.e.,  Radius  1  vs.  S 

Card  2  to  n:  Number  of  pairs,  SI,  value  1,  S2,  value  2,  etc. 

Card  n  +  1:  NCS,  Cl,  C2,  — ,  Cn, 

WHERE:  NCS  -  total  number  of  cases  for  stress  distribution, 
1  4  NCS  <  NC 

Cl,  C2,  Cn,  ■  Case  numbers. 

Card  n  +  2  to  n  +  2  +  NCS:  Plot  title  card  for  each  case  if 
plot  length  >  0.  Omit  if  plot  length  ■  0. 

I  '  ■ 

This  i.jmpU'tes  the  shell  stress  distribution  input,  repeat 
cards  3  to  n  +  2  +  NCS  for  each  shell  body  for  NSS  sets  of 
input.  The  shell  bodies  must  be  ordered  as  Indicated  on  card  2. 
If  card  l  "NO"  go  to  Bolt  Loads. 

HOLT  LOADS 

Card  l:  "YES"  In  columns  1  Co  3  if  holt  loads  arc  to  be 
dm enoined  tor  any  of  the  ring  bodies,  else  "NO'  in  columns 
1  and  2 . 
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Card  2:  NRB,  Rj,  Rj,  — ,  Rn, 

WHERE:  NRB  *  Total  number  of  rings  for  bolt  load 
calculations.  l^NRB^NR 

Rl*  R2*  ’  Rn’  *  Rin®  numbers  e*ch  rin8  that 

requires  bolt  load  calculations. 

Cards  3  to  n:  INPUT  FOR  FIRST  RING  BODY: 

Card  3:  Title  card,  Columns  l  to  78 

Card  3  to  n:  The  following  cards  list  the  ring  (left  flange 
of  the  total  ring}  geometry.  Use  as  many  cards 
as  needed.  Input  all  values  even  if  zero.  The 
parameters  are: 

XLO,  XL I,  RB,  YBO,  YBI,  XB,  RLO,  RLI,  A,  PHILO,  PHILI,  IYY,  E, 

N,  RCG, 

WHERE  N  ~  total  number  of  bolts 
Card  n  +  1:  NCB,  C^,  C2,  —  ,  C^, 

WHERE:  NCB  *  total  number  of  case6  for  bolt  load  calculations, 
1<  NCB  4  NC 

C, ,  C- ,  — ,  C  ,  =>  Case  numbers 
1  2'  ’  n* 

Card  n  +  2:  Fy,  Fv,  MCG, 

*  1  rnii'li 

NCB  sets  of  ring  force/  (FX,  FY,  MCG),  use  as  many  cards  as 
needed.  b  «•  s  ••  11  a  )[<"./ 1  ' 

This  completes  the  bolt  load  input,  repeat  Cards  3  to  n  +  2 
for  each  ring  body  for  NRB  sets  of  input.  The  ring  bodies 
must  be  ordered  as  indicated  on  card  2. 

IF  Card  1  MN0”,  THAT'S  ALL. 
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K*  1  MG-  GEOMETRY 


/-LI  f.'iiL  ;  IS  ikJc'MESj 

A  t'i  6 1. 1. ;I  i  M  D  r?  <5  Fit?  5 

-  /'7AA-v  /If.’C./),  /V2- 

J'/f  --  '  *  MOMH/J  f  or  /A/£sz’r mi  /)&oc>T  Y-y'/U'C, 


y  •  F/YJfr/c  c<  dry-"  Fi/tr  r,- 


rry,  r-r  / 
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f'a  /  l  u  r-  l  a  N&r.  geometry 


hi, ;  i.  :  .  u.mi  Hr.u.  t-4'.V  iM  uX.iW! 

A  l„:,M  l  KJ  DFf..-#/V'r;E£ 

A  ;  sM.O  A  RE  A,  IN  * 

rvf  ,  %  i>Jvi  MPMEjJj'  OP  itsil-.h  J7A  A?/J  >T  f-Y  Avi.,  #Aj' 

I-Z.  -•*'  rCffsi^i  MODULUS  OF  fiLAiLTI city's  l’>Sl 
M  -  Mi .ir  Ifc-i-lrC  OF  BCI-TS 


Pi®# 


Nom 


'6Cj  l.Tfc'P  FLANJ6E  FORCES 


KS, 

^  * 

■' ,  Fy  ,  F:y  InI 

M 

>,f  J 

\I4— lb||M 

hi 

U4 

I  b  /  b'» !  4' 

<:'* 

A/ 

//✓  -//Vi  - 

(* 

/•v 

/•/!/>//}/  o 

A>, 

/•  V' 

f  MCfi,.  /)*& 

lb|  inI 


t/v 
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TABLE  II- 1 

(U)  FUEL  CONSUMPTION  SUMMARY 


Test  No. 


Weight  of  Fuel  Expended, 
lb 


H3S-10 

66.  97 

H3S-13 

27.  00 

H3S-14 

56.  20 

H3S-15 

38.  50 

H3S-16 

71.  68 

H3S-18 

24.  22 

H3S-19 

_ _ 58.  3Q-- 

H3S-20 

40.  9 

H3S-21 

40.  9 

H3S-22 

57.  3 

H3S-24 

2.  671 

H3S-25 

62.  6 

H3S-27 

39.  6 

H3S-31 

57.  53 

H3S-32 

93.  0 

H3S-33 

89.  0 

H3S-34 

8.  3 

H3S-35 

64.  4 

H3S-37 

87.  0 

H3S-38 

95.  5 

H3S-39 

1.  603 
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SECTION  I 

COMPUTER  PROGRAM  DESCRIPTION 

1.  IDENTIFICATION 

Program  Title: 

Library  Number: 

Computer: 

System: 

Compiler: 

Programmer  /Analyst: 

Customer: 

Date: 

2.  PURPOS1 

A.  To  calculate  the  overall  efficiency  (N£)  of  a  motor  test, 
such  that  the  computed  weight  (output)  of  propellant 
expended  is  equal  to  the  measured  weight  (input)  of  pro¬ 
pellant  provided. 

B.  Having  satisfied  the  equality  of  Z A,  to  calculate  and  print 

15  time-varying  parameters  characterizing  the  motor  firing. 

3.  INPUT 

All  input  data  are  on  cards.  Multiple  cases  are  allowed,  with  sequence 
specifications  as  required  by  the  INPUT  routine  (see  section  II  of  this 
appendix). 

Card 

$ 

Cl.  (Crestricted  Hollerith  card>):  Any  string  of  characteis 

needed  to  form  a  title  card 

C Z.  (<restricted  ffcard>):  The  following  values  as  <ffnumber>s: 

A.  Start  Time  of  Test  (sec) 


*  Refer  to  section  II  of  this  appendix  for  free-field  metalinguistics. 


Hybrid  Motor  Performance  Analyzer 
LF14ZAZ 
B  5500 

Data  Com  Version  1  Patches  1-82 
Data  Com  Burroughs  Extended  ALGOL  (60) 
Version  1  Patches  1-5 
Ken  Guy,  Ext.  2030 
R.  A.  Jones 
25  December  1966 
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B.  Time  Step  (sec)  —  Time  step  must  evenly  divide  boost  time. 

Note:  Time  step  sATj^-^,  where  ATj^^-^  is  the  time 
step  such  that  for  any  time  T,  start  time  ST<end 
time,  Q/F(T)<G/F(T  -  ATMAy)  x  1.  15  and 
0/F(T)>0/F(T  -  ATj^x)  x  0.  85,  except  near 
the  boost-sustain  interface. 

C.  End  Time  of  Test  (sec) 

Note:  In  this  paper,  '‘boost  time"  refers  tc  fhe  time  of 
the  boost-sustain  interface  and  is  used  solely  in 
describing  boost-plus -sustain  tests.  "End  time" 
or  "final  time"  refers  to  the  time  of  final  motor 
cutoff  (i.e.,  time  of  test  completion);  if  the  test  is 
a  boost,  the  "final  time"  is  th  time  of  Ihe  boost 
cutoff,  and  is  ,.ot  referred  to  as  "boost  time.  " 

D.  Printing  Time  Step  (sec) 

The  15  parameters  mentioned  in  ZB  are,  assuming  the  equality 

of  ZA,  output  at  every  time  T  such  that: 

1.  T  =  start-time 

Z.  Start-time<T<final-time  and  T  MOD 
printing -time -step  =  0 

3.  T  =  end-time. 

E.  Maximum  number  of  ok  tor  te.  .s  to  achieve  the  equality  of  ZA 

F.  Motor  radius  (in.  ) 

G.  Motor  length  (in.  ) 

H.  Fuel  port  radius  at  start  time  (in.  ) 

I.  Fuel  density  (lb/ in?) 

J.  Expended  weight  of  propellant  (lb) 

K.  Ac^eleralion  due  to  gravity  (ft/sec-2) 

L.  Error  bound  for  equality  in  ZA  (recommended:  0.  05) 

M.  Nozzle  thrust  coe:  icient  efficiency. 
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C3. 

(<restricted  ffcard>): 

Wox  FGENV  (lb/sec;  sec) 

C4. 

(<restricted  £fcard>): 

Exist  area  FGEN  (in.2;  sec) 

C5. 

(Crestricted  ffcard>): 

Pressure  FGEN  (ib/in.2;  sec) 

C6. 

(<restricted  ffcarcl>): 

Gamma  FGEN  (;  sec) 

07. 

(<restricted  ftcard>): 

Chamber -pressure  drop  FGEN(;  sec) 

C8. 

(<restricted  ffcard>): 

Ambient  pressure  FGEN  (lb/in.2  :  sec) 

C9. 

One  of  the  following: 

A. 

(Crestricted  f£card>): 

Thrust  FGEN  (lb;  sec) 

B. 

(Crestricted  Hollerith  card>): 

Boost  time  ( sec) 

C. 

(Crestricted  Hollerith  card>): 

Blank  card. 

C9-A  is  used  if  the  thrust  curve  is  known  eithei  to  boost  or  to  end 
time  (i.e.,  if  the  test  is  a  boost  and  the  thrust  curve  is  known,  or 
if  the  test  is  a  boost  plus  sustain  and  the  thrust  curve  is  known 
only  for  the  boost).  In  the  latter  case,  the  program  will  compute 
the  rest  of  the  FGEN.  The  first  card  of  the  <ffcard>  set  mast 
contain  at  least  two  <ffnumber>s. 


C9-B  is  used  if  the  test  is  a  boost-plus -sustain  and  the  thrust 
FGEN  is  unknown. 

C9-C  is  used  if  the  test  is  only  a  boost,  and  the  thrust  FGEN 
is  unknown. 


CIO. 


One  of  the  following: 


A.  (crestricted  tfcard>): 

B.  f ^restricted  Hollerith  card>): 

C.  (Crestricted  Hoil  »rith  card>): 


Throat  area  FGEN  (lb;  .oc) 

Throat  area  at  start  time, 
thrum  area  at  end  of  tint  (in') 

ihroat  area  at  start  time, 
throat  area  at  boost  time, 
throat  area  at  end  time  (in.  ), 
boost  time  (sec). 


*  FGEN  refers  to  the  set  of  value*  needed  to  characterise  a  piecewise 

linear  approx' ination  io  a  curve.  Thi  first  value  is  the  integer  Ctfmimber  > 
(  =  K)  of  points  (abscissa  — ordinate  pairs)  describing  th»*  piecewise  linear 
line.  The  remaining  values  are  the  Cffnumbrr  >s:  Abscissaj.  Grdinatej, 

Abscissa,).  Orcbnatej . Abscissag.  Ordinal <  g.  The  entire  set  contains 

dk-i  t  values.  In  our  case,  all  FGEN  arc  time  functions.  Abscissas  must 
be  increasing. 
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C10-A  is  used  whenever  the  throat  area  is  completely  known. 
The  first  card  of  the  <ffcard>  set  must  contain  at  least  four 
<ffnumber>s. 

C10-B  is  used  if  the  test  is  a  boost  and  the  throat  area  FGEN 
is  unknown.  Both  values  are  <ffnumber>s,  and  they  both  are 
confined  to  the  same  card. 

C10-C  is  used  if  the  test  is  a  boost  plus  sustain  and  the  throat 
area  FGEN  is  unknown.  All  four  values  are  <ffnumber>s,  and 
all  four  are  confined  to  the  same  card.  If  the  test  is  a  boost- 
plus -sustain,  and  if  an  FGEN  curve  exhibits  step  function 
characteristics  at  this  interface,  the  following  procedure  should 
be  used  to  represent  the  step: 

1.  For  a  boost  time  Tg,  let  the  value  of  the  FGEN 
curve  (F)  from  the  left  be  F(Tg)*,  and  from  the 
right  be  the  value  F(Tg)  +  .  Choose  some  small 
value  €  (S  10‘3),  and  assign  a  new  point  F(Tg+e) 

=  F(Tg)  +  ,  while  retaining  the  old  point  F(Tg)". 

Thus,  the  step  is  now  a  slope  with  base  = 

Z,  Every  FGEN  curve  with  step-function  character¬ 
istics  at  boost  time  must  be  described  as  in  1, 
with  the  same  €.  This  latter  requirement  is  very 
important . 


Cii. 

Cfh  FMAP  data.  All  of  the  following: 

1 1 A 

(<restricted  ffcard>): 

Integer  number  (=K)  of  oxyfuel -ratio 
(=0/Fx)  values,  0/Ft,0/F: _ 0/FK 

1  IB 

(<restricted  ffcard>): 

Integer  number  (=N)  of  level  pressure 
curve  (  =  PCi)  values,  PCj ,  PC^,  •  •  •  ■  PCj^j 

itc 

(Crestricted  ffcard>): 

Ct*h(l,  1),  Ct*h(i,  2),  ...  ,  CfcO.N), 

Ct*h(2.  0.  Ct\(2,  Z) . Ct*h(2,N), 

. Ct*h(K,  1),  Ct*h(K,  2) . 

C?h(K,N). 

All  values  of  the  Card-il  group  are  <ffnumber>s. 


240 

UNCLASSIFIED 


UNCLASSIFIED 


4.  OUTPUT 

The  following  describes  output  for  normal  operations  and  may  be 
altered  by  diagnostics  output.  The  output  information  under  discussion 
starts  on  the  page  indicated,  but  may  be  continued  on  as  many  pages  as 
needed  to  complete  the  output. 

A.  Page  1 

Listing  of  data  deck,  with  current  date. 

B.  Page  2 

The  title  (see  Card  1),  the  current  date,  and  an  edited  repre¬ 
sentation  of  Cards  3,  4,  5,  6,  7,  8,  9A(if  used)  and  10A  (if  used). 

C.  Page  3  (Under  Confidential  Status) 

An  edited  representation  of  Card  11  and  Cards  2,  9B  (if  used), 
and  either  10B  or  IOC  (if  either  is  used). 

D.  Page  4  (Under  Confidential  Status) 

1.  A  columnar  tabulation  from  start-time  to  end-time 
of  the  following  16  time -varying  parameters: 

a.  Time 

6-  Wox  (input) 

c.  Expansion  ratio  €  (calculated) 

d.  Thrust  (input,  completed,  or  wholly  calculated) 

e.  Chamber  pressure  (input) 

f.  Throat  area  (input  or  calculated) 

g.  Thrust  coefficient  Cp  •  N^p  (calculated) 

h.  ISp  (calculated) 

i.  C*DEL  (calculated) 

j.  Wp  (calculated) 

k.  Radius  (calculated) 

l.  W q  (calculated) 

m.  Oxyfuel -ratio  ( calculated) 
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n.  A  (calculated) 

o.  G0  (calculated) 

p.  Weight  propellant  expended  (calculated). 

sjc 

2.  The  yielding  the  equality  of  2A  (such  a  yield  is 
hereafter  termed  a  "successful  test"). 


3.  The  error  function  involved  in  computing  the  throat 
area  (if  the  throat  area  was  not  input). 

This  error -function,  F(time),  is  linear  and  passes 
through  the  point  (start  time,  initial  error  function 
{output  value j)  and  the  point  (end  or  boost  time  {which¬ 
ever  is  iessj,  final  error  function  {output  valuej).  The 
ordinate  of  each  point  is,  respectively, 


THRUST 
PC -CF  -  AT 


start-time 


THRUST 
PC- CF -AT 


end  time 


Zero  error  is  the  line:  error -fun 'tion  =  1. 


5.  RESTRICTIONS 


A.  Restrictions  Imposed  on  Value 

1.  The  values  of  Card  2  have  the  following  bounds,  in 


the 

form  (lower  bound. 

higher  bound): 

a. 

(0.  0,0.  0)  f. 

(0.  0,  60.  ) 

j- 

(0.  0,  2  at  5) 

b. 

(0.05,5.)  g. 

(0.  0,400) 

k. 

(0.  0,  at  02) 

c. 

(0.0,  at  03)  h. 

(0.  0,  60.  ) 

1. 

(0.  01,  1.) 

d. 

(0.1,10.)  i. 

(0.  0,  0.  1) 

m. 

(0.  89,  1.) 

e. 

(15.  ,  at  02) 

The  number  of  input  points  in  an 

FGEN 

curve  must  1 

>1,  <102.  If  the  thrust  FGEN  is  to  be  completed  to  final 
time  in  a  boost-plus -sustain,  it  is  recommended  that 
the  number  of  input  points  for  the  thrust  FGEN  be  <71. 

3.  The  value  of  €  must  not  change  (see  note  with  Card  10C). 
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4.  The  following  values  hkve  the  bounds: 

a.  Boost  time:  (0,  103) 

b.  Initial  throat  area:  (0,  103) 

c.  Final  throat  area:  (0,  103) 

d.  Boost  throat  area:  (0,  103). 

B.  Restrictions  Imposed  on  Options 

1.  Either  Card  9A  and  any  card  of  Card  10,  or  Card  10A 
and  any  card  of  Card  9,  must  be  used.  Card  9A  with 
thrust  only  to  boost  time  for  a  boost-plus -sustain  test 
may  not  be  used  with  Card  10A. 

2.  The  input  boost  time  must  be  different  from  the  input 
final  (end)  time. 

C.  Miscellaneous  Restrictions 

1.  Restrictions  imposed  by  the  INPUT  routine  (see 
section  II  of  this  appendix). 

2.  The  input  FMAP  C*^  must  be  composed  ox  not  more 
than  50  pressure  curves,  with  each  curve  containing 
not  more  than  50  oxyfuel -ratio  points. 

The  restrictions  A-l,  A -2,  A-4,  B-l,  B-2,  and  C-l  are  program 
monitored  and,  when  violated,  produce  an  error  message.  A-l,  A -2,  A-4, 
B-l,  and  B-2  cau^e  the  current  motor  test  to  be  flushed. 

6.  DIAGNOSTICS 

A.  Diagnostics  as  provided  by  INPUT  routine  (see  section  II 
of  this  appendix). 

B.  Diagnostics  as  provided  by  restrictions  A-l,  A-2,  A-4, 

B-l ,  and  B-2. 

C.  If  the  thrust  coefficient  is  unobtainable  after  20  iterations, 
a  message  is  printed. 
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D.  If  the  input  data  does  not  produce  a  Max  N<~  and  Min  Nq 
enclosing  that  N^.  yielding  the  equality  of  2A,  the  current 
motor  test  is  flushed  outputting: 

t.  The  restricting  Nq  bound 

2.  The  main  function  F(0/ F,  time,  N^)  which,  for  all 
time  T,  s  tart -time<T<  end -time,  must  have  a  zero 
for  some  O/F,  (Min  O/F  of  Card  1 1  A}<0/F<(Max  O/F 
of  Card  1 1  A). 

jJc 

3.  The  final  results  of  a  firing  at  this  Nq. 

7.  GENERAL  INFORMATION 

A.  Average  time  for  one  test  ~60  sec 

B.  Storage  requirements  ~  13,  000  words. 


244 

UNCLASSIFIED 


UNCLASSIFIED 


SECTION  II 

DESCRIPTION  OF  FREE -FIELD  NUMBERS 

DEFINITION  AND  SYNTAX  OF  FREE-FIELD  NUMBER 
A.  Definition 

<ffnumber>  Cunsigned  number>  <comma>/ 

<unsigned  number>  <ffstring> 
<comma>/+  <unsigned  number> 
<comma>/+  <unsigned  number> 
<ffstring>  <c<  nma>/- <unsigned 
number>  <comma>/-  <unsigned 
number>  <ifstring>  <comma> 

<unsigned  number>  <decimal  number>/<exponent  part>/ 

<decimal  number>  <exponent  part> 

<decimal  number>  <unsigned  integer>/<decimal 

fraction>/<unsigned  integer> 
<decimai  fraction> 

<exponent  part>  @  <integer> 

<decimal  fraction>  ::=  -<unsigned  integer> 

<integer>  ::=  <unsigned  integer>/+<unsigned 

intcger>/-<unsigned  integer> 

<comma>  , 

<unsigned  integrr>  ::=  <lfdigit>/<unsigned  integer>  <lfdigit> 

<fl‘string>  ::=  <tflettcr>/<flstring>  <Ulcttcr>/ 

<ffstring>  <ffdigit> 

UNCLASSIFIED 


!#»•*** 


UNCLASSIFIED 


<ffdigit> 

<f£letter> 


<blank  space> 


0/1/2/ 3/4/5/6/7/8/9/<blank  space> 

A/B/C/D/E/F/G/H/I/J /K/L/M/N/ 
0/P/Q/R/S/T/U/V/W/X/Y/Z/  +  /-  /x/ 
=  /#/>/£/>/</(/)/[/]/*/  —  /&/.  /;/:/ 
<blank  space> 

|a  s;..'  gle  unit  of  horizontal  spacing 
which  is  blank;  an  unpunched  or 
skipped  column  on  a  card} 


B.  Syntax 

1.  A  <ffnumber>  must  always  end  in  a  <comma>,  and 
must  contain  only  one  <comma>.  The  <ffstring> 
must  never  start  with  a  <ffdigit>,  but  must  start 
with  a  <ffletter>;  thereafter,  up  to  the  <comma>, 
any  combination  or  "string"  of  <ffletter>s  or 
<ffdigit>s  is  allowed.  The  <comma>,  the  and 
the  /  are  not  a  part  of  the  <ffletter>  definition. 

2.  Examples  of  <ffnumber>s: 

a.  The  value  of  each  <ffnumber>  is  123.  456 
123.  456, 

123.4  5  6, 

1  2  3.  45  6, 

123.  456  =  THE  %  FOR  NO.  1  (I.  E.  2#), 

1.  23  4  56  0  +0  2, 

+  1.  23456^+2, 

1.  2345602, 

123.  45600, 

1234560-3, 

123.456 
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b.  The  value  of  each  <ffnumber>  is  2.  0 

2.  0, 

2, 

002, 

2(30, 

2.0  00  0, 

2.  , 

2  OUNCES  OF  H  THREADS), 

c.  The  value  of  each  <ffnumber>  is  7  (integer) 

7.0, 

7, 

7.4, 

7. 4999, 

.  7@1, 

7  POINTS  FOR  F(x)  =  "TIME", 

07POUNDS  , 

Note:  If  the  value  of  an  ff<number>  is  intended  to  be 
integer,  the  value  taken  will  be  largest  integer 
[<ffnumber>  +  0.  50000.  .  .]  ;  hence  7.  4999  is  7. 

d.  The  value  of  each  <ffnumber>  is  4.0  x  10Z3 
4(?23, 

40022, 

+4  0  00.  00  0  2  0  ISHA  RDTOREA  D  , 

3.  Examples  of  confusing  <ffnumber>s: 

The  values  of  each  line  is  not  (i)  70492  or  (ii)  only  70492. 

70,492  [value  of  70;  and  Incomplete 

Value  —  see  below] 

70492  [incomplete  Value] 

X  =  70492,  [ignored  Value  —  see  below] 


247 

UNCLASSIFIED 


UNCLASSIFIED 


70491,  [value  of  7049;  "I"  is 

mispunched  "2”] 

70492  SETS(I.E. ,  2  GROUPS)  [Value  of  70492;  and  Incom¬ 
plete  Value] 


4.  Punching  <ffnumber>s  or.  an  <ffcard>;  Incomplete  Values; 
and  Ignored  Values 


a.  Definition  of  <ffcard> 
<ffcard> 

<unrestricted  ffcart> 


<restricted  ffcard> 


<unrestricted 
Hollerith  card> 


<restricted 
Hollerith  card> 


<restricted  ffcard>/ 
<unrestricted  ffcard> 

<unrestricted  Hollerith 
card>  /  <unrestricted 
ffcard>  Cunrestricted 
Hollerith  card> 

<restricted  Hollerith 
card>/<restricted  ffcard> 
Restricted  Hollerith  card> 

{ordinary  80  column  "IBM" 
card  with  full  80  columns 
available^ 

jordinary  80  column  "IBM" 
card  with  iull  71  columns 
available  (Cols.  1—71)  and 
a  "/"  punched  in  Col.  72; 
Cols.  73  —  80  are  reserved 
for  sequencingj 


b.  Syntax 

The  <f£card>  is  a  set  of  Hollerith  cards.  The  <lfcard> 
set  contains  either  <unrestricted  Hollerith  card>s  or 
<reslxicted  Hollei  uh  card>s,  but  not  both.  The  only 
characteristic  not  indicated  in  the  definition  (to  do  so 
would  unduly  complicate  matters)  is.  if  the  next  card 
is  not  an  «.ffcard>,  then  the  last  <restricted  Hollerith 
card*  or  <unrestricted  Hollerith  card>  of  the  current 
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<ffcard>  set  must  contain  at  least  one  <corrma>  needed 
to  end  a  used  <ffnumber>,  (i.e.,  an  <ffnumber>  required 
as  input  by  the  program). 

The  <ffc£rd>  definition  includes  the  <restricted  ffcard> 
refinement  because  many  programs  employ  one  of  the 
several  card-input  routines  (e.g. ,  INPUT)  which  require 
certain  card  and  case  sequencing  in  Columns  73  —  80. 

For  such  programs,  refer  to  the  appropriate  input- 
routine  writeup. 

In  the  following  example,  the  letters  LC  indicate  the 
last  Hollerith  card,  the  letters  UR  indicate  "unrestricted," 
the  letter  R  indicates  "restricted,"  and  the  left  bracket  (|) 
indicates  an  <ffcard>. 

Example  of  the  value  123.  456  and  the  value  74  as  punched 
on  an  <ffcard>: 


{UR,LC: 

{UR,LC: 

{R.LC: 

{R,LC: 


UR: 

UR: 

UR: 

UR: 

UR 

UP: 

UR,LC: 


r 

[R.LC: 


fUR: 

\UR,LC: 


COL 

1 

123.456,  74, 

123.456  P0UNDS, 

123.456,  74, 

123.456  P0UNDS , 

1  2 
3 

4  5 

P0U  N 
D  3,  7 


1  2 
3 

4 

POU  n 

D  S,  7 


*J456(a-  3P0UNDS, 


COL  COL 

72  80 


74  FEET, 

/ 

74  FEET,  / 


6 


FE  E  T, 

/ 

/ 

5  6/ 

/ 

/ 

/ 

FE  ET,  / 


4C*+  1FEET, 
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c.  Incomplete  Values 

An  incomplete  value  is  encountered  whenever  the 
intended  <ffnumbe:->  does  not  have  its  ending  <comma>; 
the  result  is  the  continual  reading  of  the  Hollerith 
card(s)  until  a  <comma>  is  encountered  or  an  END 
OF  FILE  situation  occurs.  In  either  case,  the  pro¬ 
gram  receives  data  both  incorrect  and  out  of  sequence. 

Example:  The  values  74,  123.456,  27  are  intended 

to  be  represented  as  <ffnumber>s  on  an 
<ffcard>;  but  123.456  is  actually  an  incom - 
plete  value 


COL 

COL 

COL 

1 

72 

80 

UR: 

74,  123.456 

UR: 

(UR,LC: 

27, 

The  second  <ffnumber>  has  the  value 
1  23.  45627,  and  the  further  reading  of  any 
<ffnumber>s  would  be  out  of  sequence  by 
one  <ffnumber>. 

d.  Ignored  Values 

An  ignored  value  is  encountered  whenever  the  intended 
<ffnumber>  begins  with  an  <ffstring>  instead  of  an 
<ffdigit>.  The  result  is  that  the  variable  into  which  the 
<ffnumber>  was  to  be  stored  is  unchanged;  the  reading 
process  ignores  this  <ffnumber>  and  proceeds  to  the 
next  <ffnumber>.  The  proper  sequence  of  <ffnumber>s 
is,  however,  unaltered. 

Example:  The  values  72  and  123.  456  are  to  be  read; 

but  the  value  74  is  ignored  and  the  value 
123.  456  is  properly  read. 

COL  COL  COL 

1  72  80 

{UR.LC:  N  «  74,  123.456  -  H, 
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